The location of poly(A) sequences in the RNA of mammalian RNA-tumor viruses was determined by enzymatic analyses. The 56-64S viral genomic RNAs, the 20-40S viral subunit RNAs, and the 4-5S poly(A) sequences excised from these viral RNAs were subjected to either hydrolysis with a 3'-OH specific exoribonuclease from Ehrlich ascites tumor cells or phosphorolysis from the 3'-termini with polynucleotide phosphorylase from Micrococcus luteus. Purified adenosine-labeled poly(A) fragments, excised from genomic viral RNAs by RNase A and T1 digestion, were hydrolyzed with the 3'-OH specific exoribonuclease for various periods of time. Poly(U) filter binding studies of the residual poly(A) indicated that 97% of the poly(A) fragments were hydrolyzed. Adenosinelabeled genomic and subunit viral RNAs and excised poly(A) fragments were phosphorolyzed from their 3'-termini for various periods of time with polynucleotide phosphorylase. The degree of phosphorolysis was monitored by poly(U) filter binding studies, and CC1,COOH insolubility and solubility determinations. There was an initial preferential rate of phosphorolysis of the poly(A) sequences of genomic and subunit viral RNAs as compared to the total adenosine-labeled viral RNAs. The data from these two different enzymatic mechanisms of action indicated conclusively that the poly(A) sequences were located at the 3'-termini of genomic and subunit viral RNAs.
initial preferential rate of phosphorolysis of the poly(A) sequences of genomic and subunit viral RNAs as compared to the total adenosine-labeled viral RNAs. The data from these two different enzymatic mechanisms of action indicated conclusively that the poly(A) sequences were located at the 3'-termini of genomic and subunit viral RNAs.
Poly(A) sequences are quite ubiquitous in nature. They have been found in the RNA of some oncogenic and nononcogenic viruses (1-13) but not in others (14) (15) (16) , in the messenger RNA (mRNA) synthesized by some DNA and RNA viruses and yeast cells (17) (18) (19) (20) (21) (22) (23) (24) , and in the mRNA and heterogenous nuclear RNA of mammalian cells (25) (26) (27) (28) with the exception of histone mRNA (29) . They have not been found in either the mRNA of bacterial cells (30) or the ribosomal RNA (rRNA) of mammalian cells (13, 31) .
The poly(A) sequences of mRNA from mammalian cells (27, 28, 32) , of RNA from nononcogenic viruses (1, 7) , and of mRNA from DNA viruses (18) are covalently linked to the 3'-termini; however, the exact location of the covalently linked poly(A) sequences in the RNA of RNA-tumor viruses had not been definitively established. In these studies, we determined the location of the poly(A) sequences in the RNA of mammalian RNA-tumor viruses by enzymatic analyses.
MATERIALS AND METHODS
Cell Cultures and Growth Conditions. 3T3 cells chronically infected with a murine leukemia virus isolate (MLV-IC) obtained from the Moloney leukemia-sarcoma virus complex, and sarcoma positive helper positive (S+H+) cells were used in these studies. All cells employed were mycoplasma negative. The growth and maintenance of these cells have been described (13) .
Radioisotopic Labeling of Viruses. The isotopic labeling with [2,8-'H] adenosine 1Ci/ml, 3-6 hr) and purification of the viruses have been described (13) . Extraction of [2,8- 'H]Adenosine Labeled RNA from Virions. Labeled viral RNA was extracted from virions with sodium dodecyl sulfate and phenol mixtures as described (13, 33) .
Separation and Fractionation of Extracted Viral RNA. The extracted viral RNA was separated by rate zonal sedimentation in isokinetic sucrose gradients and fractionated as described (13 (9, 10, 13, 36, 37 (32) and polynucleotide phosphorylase, in the presence of excess cold P04-', cleaves from the 3'-terminus of the RNA by phosphorolysis (40) . Reaction conditions for both the ascites exoribonuclease hydrolysis (32) and polynucleotide phosphorylase phosphorolysis (40) En2ymes. Exoribonuclease specific for 3'-OH termini was isolated from the nuclei of Ehrlich ascites tumor cells and characterized as described (38) . Polynucleotide phosphorylase (no. 0429, lot no. 3093I) was purchased from P-L Biochemicals, Inc.; pancreatic RNase A (no. WRAF9LB), DNase free of RNase (no. WDPC9LB), and Micrococcal nuclease (no. 4797) were purchased from Worthington Biochemicals, Inc., and RNase T, (no. 556785) was purchased from Calbiochem.
Buffers, Chemicals, and Reagents. Buffers, chemicals, and reagents used in these studies have been described (13, 32, 40 Ninety-eight to 100% of the RNase A and RNase T, resistant fragments of [2,8-sH] adenosine-labeled MLV-IC and S+H+ (HTG-1) viral RNA, respectively, was degraded by alkaline treatment; therefore, the resistance of these fragments was because of their poly(A) composition and not to DNA. These poly(A) sequences are covalently linked to the viral RNA subunits because 20-40S viral RNA subunits isolated from heat, dimethyl sulfoxide and formaldehyde dissociated viral genomes also contained 9-11% RNase A and RNase T1 resistant poly(A) sequences. Poly(U) filter binding analyses indicated that 53 ± 10% of these subunit RNAs contained poly(A) sequences. Having detected covalently linked poly(A) sequences in the RNA of these RNA-tumor viruses, it became of great interest to locate their position. show that 97% of the poly(A) sequences were hydrolyzed from the 3'-OH termini.
Because of the 3'-OH specificity of this exoribonuclease, these studies indicated that the RNase A and RNase T, excised [2,8- (Fig. 3A and B) . These poly(A) sequences exhibited a sharp peak migrating slightly slower than the 58 rRNA marker (Fig. 3A) . Also observed in the electrophoretogram is radioactivity in the mononucleotide region and in regions of slightly slower mobilities. From these studies, the molecular weight of the poly(A) sequences was estimated to be 1 X 105 which is quite similar to the poly(A) fragments isolated from bcell mRNA (32) .
DISCUSSION
These enzymatic studies show that the RNAs of MLV-IC and S+H+ (HTG-1) infectious RNA-tumor viruses contained poly(A) sequences covalently linked to the genomic and subunit RNAs at their 3'-termini. The purified adenosine-labeled poly(A) fragments, excised from viral genomic RNA by RNase A and T, digestion, were hydrolyzed for various time periods with the 3'-OH specific exoribonuclease. Subsequent poly(U) filter binding studies of the residual poly(A) indicated that 53, 72, 91, and 97% of these fragments were hydrolyzed at 0.5, 1, 2, and 4 hr, respectively (Fig. 1 ). These results with the excised poly(A) fragments depend upon the clearly established 3'-OH specificity of the exoribonuclease employed (32) . Poly(U) filter binding studies indicated that 63 ± 10% of the 56-64S viral genomic RNAs and 53 10% of the 20-40S viral subunit RNAs contained poly(A) sequences. Since a majority of the viral subunits contained poly(A) sequences, they all must be at the 3'-OH termini of their respective subunits.
Adenosine-labeled genomic and subunit viral RNA and excised poly(A) sequences were phosphorolyzed from their 3'-termini for various periods of time (Fig. 2) . Phosphorolysis was monitored by poly(U) filter binding studies of the residual poly(A) and CCI3COOH insolubility and solubility studies of the total adenosine radioactivity. 64S MLV-IC and 56S S+H+(HTG-1) viral genomic RNAs were phosphorolyzed 68% and 58%, respectively, after 5 min, whereas only 10% of the total adenosine-labeled S+H+(HTG-1) viral RNA was made CC13COOH soluble. The initial preferential rate of polynucleotide phosphorylase phosphorolysis of the poly(A) sequences when compared to the total adenosine radioactivity indicated that the poly(A) sequences were located at the 3'-termini of the viral RNAs. These enzymatic analyses with 3'-OH specific exoribonuclease (32) and polynucleotide phosphorylase (40) indicated conclusively a 3'-terminus position for the poly(A) sequences of genomic and subunit viral RNAs.
What are the function(s) of poly(A) sequences covalently linked to the RNA of RNA-tumor viruses? Some investigators have suggested that the poly(A) sequences may be involved in the synthesis of viral DNA by reverse transcriptase (8, 9, 11) . Now that it has been determined that the poly(A) sequences are located at the 3'-OH termini of genomic and subunit RNAs, the possibilty that the poly(A) sequences could be the binding sites for reverse transcriptase increases. However, the poly(A) sequences themselves are apparently not transcribed into tracts of poly(dT) (43) . Poly(A) sequences may also be important to the structural integrity of the genomic RNA of RNA-tumor viruses, as has been suggested by others (9) (10) (11) , by complementary hydrogen bonding between the poly(A) sequences and possible uridine-rich segments (2, 44) in the viral RNA but some investigators have not been able to detect poly(U) tracts in either the genomic or subunit RNA of RNAtumor viruses (45) . Therefore, the absolute function(s) for these covalently linked poly(A) sequences at the 3'-OH termini of genomic and subunit viral RNAs is apparently
